Background-Sulphydryl compounds and
Glutathione exists in a combination of its reduced form (GSH) and its oxidised dimer in almost all mammalian cells. GSH is a nucleophilic scavenger of superoxide and also acts as a cofactor in the GSH peroxidase mediated reduction of H202.1 GSH has an important role in maintaining mucosal integrity in the gastrointestinal tract. GSH is essential for the protection of gastric epitheliall and chief cells2 against oxidative stress. Moreover, calcium induced gastric mucosal injury is mediated by reduction in GSH content. 3 In rats, the sulphydryl (SH) blocker, iodoacetamide, was previously shown to induce diffuse gastritis4 and, also, significant colonic injury,5 indicating the important contribution of SH compounds to the maintenance of gastrointestinal integrity.
In this study the model in iodoacetamide induced gastric damage and its possible prevention by scavenging of free radicals was evaluated. This model was further characterised macroscopically and histologically, with special focus on the involvement of inflammatory mediators and nitric oxide (NO) in its pathogenesis.
NO has an important role in maintaining gastric mucosal integrity. Inhibition of gastric NO formation decreases gastric blood flow, deprives the tissue of oxygen, and increases mucosal vulnerability to intragastric administration of irritants that mildly damage the gastric mucosa. Moreover, inhibition of NO formation also increases gastric mucosal haemodynamic changes, such as those induced by ethanol administration.6 Oxygen derived radicals and non-radical species have been implicated previously in the pathogenesis of gastric ulceration78 and TEMPOL, a free radical, which is also a potent scavenger of other free radicals, was shown by us to prevent gastric mucosal lesions in rats.9 In this study the role of gastric NO formation in iodoacetamide induced gastric damage and its possible prevention by scavenging of free radicals was evaluated.
Methods
Materials L-arginine, L-citrulline, L-NAME, D-NAME, NADPH, valine, aminoguanidine, dithiothreitol, phenylmethylsulphonyl fluoride, EDTA, EGTA, and 4-hydroxy-2,2,6,6-tetramethyl- Lesions (mm2/rat)
Rats were treated with iodoacetamide (0-1O%) added to the drinking water with or without daily intragastric treatment with TEMPOL (50 mg/100 g). Rats were killed after two and seven days, the stomach removed, lesion area assessed, and mucosal MPO and NOS activities determined, 
Results
The addition of iodoacetamide (0. 1 %) to the drinking water induced gastric mucosal damage, which was apparent already after 24 hours and lasted for the entire 14 days of the experiment (Fig 1) . At 24 and 48 hours the damage was observed adjacent to the fore-stomach. With prolongation of iodoacetamide treatment the damage affected the glandular part of the stomach. At 14 days lesions were widely distributed and most of the surface of the glandular part of the stomach was affected. Histologically, after the first 48 hours exposure to iodoacetamide the ulcerations were superficial and were accompanied by mild inflammatory cell infiltrate (Fig 2) . After seven days of iodoacetamide treatment the ulcerations were deeper and affected half of the mucosal thickness (Fig 3) . At provided by TEMPOL was not accc by significant effect on gastric MPO activities (Table) . Gastric mucosal MPO activity wa cantly increased during the first sevei iodoacetamide treatment. At 14 da3
MPO activity was not stimulate compared with its activity in norm; mucosa (Fig 4) .
Iodoacetamide treatment induced cant (p<0.05) 25% decrease in muco generation but only after 48 hours. At time intervals mucosal PGE2 genera similar in iodoacetamide treated anm rats (Fig 5) . Iodoacetamide induced; and 3.5-fold increase in mucosal LTC tion after seven and 14 days of treat not beforehand. At all time intervals LTB4 generation was similar in iodoa and control rats (Fig 6) .
Gastric mucosal NOS activity in co was 5.7 (0.2) nmol/g/min. At activity was significantly reduced when compared with its activity in normal rats (Fig 7) .
Both in control and in iodoacetamide treated rats deletion of calcium reduced gastric NOS activity by almost 50% and the addition of valine reduced the enzyme activity by 30%. Aminoguanidine induced a 65.8 (2.3)% and 55 0 (4 0)% decrease in the gastric enzyme activity of control and iodoacetamide treated rats, whereas in both groups L-NAME induced a dose dependent inhibition of the enzyme activity (Fig 8) .
- lodoacetamide treatment (days) Figure 7 : Gastric NOS activity in iodoacetamide treated rats. Rats were treated with iodoacetamide (0% 1 ) added to the dninking water. Rats were killed after [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Figure 8 : Effect of calcium sequestration, L-NAME, aminoguanidine, and valine on gastric NOS activity. Gastric mucosal scrapings were obtainedfrom normal rats andfrom rats treatedfor 72 hours with iodoacetamide (0 1%) added to their drinking water. NOS activity was determined in the absence of calcium and after addition ofL-NAME (1-100 mM), valine (60 mM) or aminoguanidine (10 mM), as described in Methods. Basal activity in normal and iodoacetamide treated rats was 4-80 (0.08) (n= 4) and (0 17) (n=4) nmol/g/min, respectively, and was regarded as 100%. Results are mean (SEM) of determinations performed with tissue obtainedfrom four rats in each group. *Significantly different from basal, p<0 05.
other than granulocytes were responsible for the perpetuation of the inflammatory response.
In models of colonic inflammation increased NO. generation by stimulated NOS activity was reported16 and inhibition of colonic NOS activity was found to ameliorate the injury in several models of experimental colitis. '7 In the model of iodoacetamide induced gastric injury herewith presented, gastric NOS activity was found to be decreased, showing the important contribution of NO to the maintenance of gastric mucosal integrity. In a similar way inhibition of gastric NOS activity was shown to amplify gastric damage induced by ethanol.6 Gastric NOS activity determined in this study by the conversion of L-arginine to citrulline is specific, as indicated by its effective inhibition by L-NAME. The comparatively small decrease in the conversion of L-arginine to citrulline in the presence of valine, which inhibits arginase activity18 rules out a significant contribution of arginase to the detected conversion of L-arginine to citrulline. Sequestration of calcium decreased by more than 50/o gastric NOS activity in control rats and almost to the same extent also NOS activity in iodoacetamide treated rats. These results suggest that in the rat stomach at least half of the NOS activity represents the constitutive NOS isoform, which is calcium dependent. In the rat colon, on the other hand, only 17% of the total NOS activity is derived from the constitutive isoform.'6 The relatively high representation of the constitutive NOS isoform in the stomach may suggest the importance of NO for the maintenance of gastric integrity and its vulnerability to reduction in its availability, such as that induced by L-NAME.
It is possible that the decrease in gastric NOS activity after treatment with iodoacetamide is a mechanism contributing to the induction of tissue injury in addition to its alkylation of SH compounds. The different representation of the constitutive and inducible NOS isoforms in rat colonic and gastric mucosa may explain, in part, their different vulnerability to NO depletion due to inhibition of NOS activity. Gastric mucosa may be dependent on higher concentrations of NO usually furnished by the relatively high representation of the constitutive isoform, whereas the integrity of colonic mucosa is less dependent on NO. In experimental colitis the increased NO generation is mainly derived from stimulation of the inducible isoform and inhibition of its activity is, therefore, beneficial. 16 Acute NO synthesis inhibition causes an immediate rise in arterial blood pressure because of widespread vascular constriction.19
The addition of L-NAME to the drinking water induced in rats an increase of 38 mm Hg in the mean arterial blood pressure.'7 This rise in mean arterial blood pressure, associated with significant reduction in mesenteric blood flow,19 may reduce the extent of injury, thereby reducing the formation of reactive oxygen radicals. In the colon inhibition of NO generation was found to protect against injury, however, this was shown to be not only because of its vascular effect.'7 On the other hand, in the stomach NO regulation of the mucosal haemodynamics, including blood flow and haemoglobin oxygen saturation, was shown to be responsible for its important contribution to the maintenance of mucosal integrity.6 These aspects of NO deprivation may certainly contribute to the severity of the gastric injury induced by iodoacetamide. Inhibition of NO formation was shown to aggravate gastric mucosal injury induced by ethanol. Decrease in the availability of NO induces a decrease in the resting mucosal blood flow, resulting in tissue hypoxia. 6 The cumulative data thus show that endogenous NO is an essential protective factor in the pathogenesis of gastric injury induced by agents such as ethanol and iodoacetamide. TEMPOL, the potent free radical scavenger, was found to effectively decrease the severity of gastric mucosal injury induced by iodoacetamide. We have reported that TEM-POL is a powerful protective agent against injury induced by various other irritants, indicating the important contribution of free radicals to the pathogenesis of gastric injury.9
These results suggest that scavenging of free radicals counteracts the deleterious effects of NO depletion, which contributes to the increased free radical generation by the hypoxic tissue. TEMPOL was found to have no effect on gastric NOS activity. However, as TEMPOL removes free radicals, which rapidly interact with NO and lower its concentration, TEMPOL may indirectly induce an increase of tissue NO concentrations. Increase in tissue NO concentrations may be an additional mechanism to explain the protective effect of TEMPOL. Potent scavengers, like TEMPOL, may therefore be useful for prevention of gastric mucosal injury induced by any irritant and, especially, by those that induce generation of free radicals. The importance of SH compounds in counteracting the deleterious effect of free radicals is also indicated by N-ethylmaleimide enhancement of gastric mucosal cell injury induced by oxygen free radicals generated by the xanthine oxidasexanthine system, an effect which is reduced by glutathione and cystamine.20
In conclusion, the results reported in this study show the importance of SH compounds and of NO to the maintenance of gastric mucosal integrity. NO donation, scavenging of free radicals, and provision of SH compounds may, therefore, be useful for prevention of gastric injury.
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